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(57) ABSTRACT 

A copolymer having silyl groups With at least one reactive 
functional group bonded thereto. The copolymer comprises 
a monomer (A) shoWn by the following Formula (I): 
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wherein R1 is hydrogen atom or methyl; R2 is alkylene group 
having 1—6 carbon atoms; and R3, R4 and R5 each is a 
reactive functional group Which can cross-link molecules of 

the copolymer by hydrolyZing. Further, the copolymer pref 
erably comprises, as a constituent monomer, an alkyl (meth) 
acrylate and a siloXane-containing (meth)acrylate. A 
coating-forming method comprises hydrolyZing the compo 
sition on a material to be treated to cross-link molecules of 
the copolymer When on the material. A coating of the 
cross-linked copolymer has resistance to Washing. This 
coating can modify the nature of hair, improve make-up 
retention, and provide skin-protecting. It can impart Water 
repellency, resistance to fouling, suitability as a siZing and 
crease resistance to ?bers. Further, it can improve a skin 
cleaning effect, applicability, strippability and coating 
strength of a peeling-off type cosmetic pack. 

24 Claims, 5 Drawing Sheets 
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COPOLYMER CONTAINING REACTIVE 
SILYL GROUPS, COMPOSITION 

CONTAINING THE SAME AND METHOD OF 
TREATMENT WITH THE SAME 

RELATED APPLICATIONS 

This application claims the priority of Japanese Patent 
Application Nos. 9-157675, 9-157676 and 9-157677 ?led on 
May 30, 1997, Japanese Patent Application Nos. 10-55751, 
10-55752 and 10-55753 ?led on Feb. 20, 1998, Japanese 
Patent Application Nos. 9-249547 and 9-249548 ?led on 
Aug. 29, 1997, and Japanese Patent Application No. 
9-306442 ?led on Oct. 20, 1997, Which are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a copolymer containing 
reactive silyl groups, a composition comprising the same, 
and a treating method using the same. Particularly, the 
present invention relates to: a copolymer, Which forms a 
strong coating of the cross-linked copolymer Which has 
resistance to Washing on the surface of hair, skin or other 
materials. The invention is useful effects in the ?elds of 
cosmetics and the others. It had a modifying effect of the 
nature of hair, improves the effect of make-up retention and 
has a Water-repellent effect. 

BACKGROUND OF THE INVENTION 

Numerous ?lm-forming ingredients are used in the ?eld 
of cosmetics and the other ?elds for the purpose of giving 
various effects. 

However, there are very feW ?lm-forming ingredients that 
have a useful effect as a cosmetic ingredient and Which 
maintain the effect against Washing With shampoo or deter 
gent. 

Also, in the ?eld Where Water-repellents give Water 
repellency to ?bers, paper or the other materials, it is 
eXpected to improve resistance to Washing. 

SUMMARY OF THE INVENTION 

The ?rst object of the present invention is to ?nd a 
compound that can form a coating, Wherein said coating can 
exhibit cosmetically useful effects such as a hair-nature 
modifying effect, an improving effect of the retention of hair 
colorants or make-up cosmetics, and skin-protecting effect. 
These effects are maintained due to a high resistance to 
Washing. It is a further object to provide a composition 
comprising the compound. 

Also, the second object of the present invention is to ?nd 
a compound that can form a coating, Which is eXcellent in 
Water-repellency and resistance to Washing When on mate 
rials to be treated such as ?bers. It is a further object to 
provide a composition comprising the compound. 

It has been found that a strong coating of a cross-inked 
copolymer that is eXcellent in resistance to Washing can be 
formed When a copolymer containing a silyl group that one 
or more reactive functional groups are bonded to (e.g., a 
trifunctional silyl group) is crosslinked With hydrolysis on 
the material to be treated such as hair or skin. 

Also, it has been found that such cross-linked coating has 
a hair-nature modifying effect and a skin-protecting effect, 
and these effects are maintained Without loss even With 
repeated shampooing. 

Also, it has been found that the cross-linked coating 
formed by such copolymer ameliorates resistance to Wash 
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2 
ing off of make-up cosmetics such as temporary hair 
colorant, acidic hair dye, mascara or nail enamel and 
improves make-up retention. 

Also, it has been found that a cosmetic pack comprising 
the copolymer has a good skin-cleaning characteristic and is 
eXcellent in applicability, strippability and ?lm strength. 

Further, a coating Which has high Water-repellency, resis 
tance to fouling and suitability as a siZing and Which is 
eXcellent in resistance to Washing can be formed even When 
the copolymer is treated on other materials such as ?bers, 
paper or glass. 

A composition of the present invention comprises a 
copolymer containing silyl groups Wherein each silyl group 
has at least one reactive functional group bonded thereto. 

The silyl group has at least one reactive functional group 
bonded thereto that can cross-link molecules of the copoly 
mer by forming a siloXane bond Si—O—Si With hydrolysis. 

Also it is preferable that, as one of the constituent 
monomers, the copolymer comprises Monomer (A) shoWn 
by the folloWing Formula (I): 

Formula (I) 

Wherein Ris a hydrogen atom or methyl group; R2 is an 
alkylene group having 1—6 carbon atoms; and R3, R4 and R5 
each is a reactive functional group Which can cross-link 
molecules of the copolymer hydrolyZing. 

Also, it is preferable that, as one of the constituent 
monomers, the copolymer further comprises Monomer (B) 
shoWn by the folloWing Formula (II): 

Formula (II) 
R6 

Wherein R6 is a hydrogen atom or methyl group; and R7 is 
an alkyl group having 1—18 carbon atoms. 

Also, it is preferable that as one of the constituent 
monomers, the copolymer further comprises Monomer (C) 
shoWn by the folloWing Formula (III): 
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Formula (III) 

wherein R8 is a hydrogen atom or methyl group; R9 is an 
alkylene group having 1—6 carbon atoms; and X is any of 
groups shoWn by the following Formulas (IV) to (VI): 

Formula (IV) 

(R10)3Si—O—Si—O—Si(R10)3 

O 

Wherein R10 is an all group having 1—6 carbon atoms; 

Formula (V) 

Wherein R11 and R11‘ each is an alkyl group having 1—6 
carbon atoms; and X1 is an integer of positive number; and 

Formula (VI) 

Rs 

Wherein R8 and R9 can be the same as de?ned in Formula 
(III); R12 is an alkyl group having 1—6 carbon atoms; and x2 
is an integer of positive number. 
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4 
It is preferable that the percentage of Monomer (A) in the 

copolymer is 25 to 99 Wt %. 
Also, it is preferable that the percentage of Monomer (B) 

in the copolymer is 1 Wt % or more. 
Also, it is preferable that the percentage of Monomer (C) 

in the copolymer is 1 Wt % or more. 
Also, the copolymer can further comprise a constituent 

Monomer (D) shoWn by the folloWing Formula (VII): 

Formula (VII) 
R13 

0 

R14 

Y 

Wherein R13 is a hydrogen atom or methyl group; R14 is an 
alkylene group having 1—6 carbon atoms; and Y is a group 
shoWn by —N+(R15)3 or —N(R15)2, and Wherein R15 is an 
alkyl group having 1—6 carbon atoms. 

It is preferable that the percentage of Monomer (D) in the 
copolymer is Within the range of 1 to 100 Wt % With respect 
to the combined amount of Monomers (A), (B) and (C) in 
the copolymer. 

Also, it is preferable that R3, R4 and R5 are each an alkoXy 
group having 1—6 carbon atoms. 
A cosmetic for coating in accordance With the present 

invention is a composition comprising any of said copoly 
mers. 

A cosmetic for modifying the nature of hair in accordance 
With the present invention is a composition comprising any 
of said copolymers. 
A hair colorant in accordance With the present invention 

is a composition comprising any of said copolymers together 
With a pigment and/or an acidic dye. 
A cosmetic in accordance With the present invention is a 

composition comprising any of said copolymers together 
With a pigment and/or an acidic dye. 
A make-up cosmetic in accordance With the present 

invention is a composition comprising any of said copoly 
mers together With a pigment and/or an acidic dye. 

Also, in any of said cosmetics, a siliconiZed polysaccha 
ride can be further used therein. 
A cosmetic pack in accordance With the present invention 

is a composition comprising any of said copolymers. 
A Water-repellent in accordance With the present inven 

tion is a composition comprising a copolymer containing at 
least Monomer (A) shoWn by Formula (I), Monomer (B) 
shoWn by Formula (II) and Monomer (C) shoWn by Formula 
(III) as constituent monomers. 

In the Water-repellent of the present invention, it is 
preferable that the percentage of Monomer (A) in the 
copolymer is 25 to 85 Wt %. It is also preferable that the 
percentage of Monomer (B) in the copolymer is 5 Wt % or 
more and the percentage of Monomer (C) in the copolymer 
is 1 Wt % or more. 
A treatment for ?bers in accordance With the present 

invention is a composition comprising a copolymer Which 
contains Monomer (A) shoWn by Formula (I), Monomer (B) 
shoWn by Formula (II), and Monomer (C) shoWn by For 
mula (III) as constituent monomers. 

In the treatment for ?bers of the present invention, it is 
preferable that the percentage of Monomer (A) in the 
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copolymer is 25 to 85 Wt %. It is also preferable that the 
percentage of Monomer (B) in the copolymer is 5 Wt % or 
more and the percentage of Monomer (C) in the copolymer 
is 1 Wt % or more. 
A copolymer in accordance With the present invention 

comprises Monomer (A) shoWn by Formula (I), Monomer 
(B) shoWn by Formula (II) and Monomer (C) shoWn by 
Formula (III) as constituent monomers. 
A copolymer in accordance With the present invention 

comprises Monomer (A) shoWn by Formula (I), Monomer 
(B) shoWn by Formula (II), Monomer (C) shoWn by Formula 
(III) and Monomer (D) shoWn by Formula (VII) as constitu 
ent monomers. 

In the copolymer of the present invention, R3, R4 and R5 
are each an alkoxy group having 1 to 6 carbon atoms. 

Acoating-forming method in accordance With the present 
invention comprises a step of hydrolyZing said compositions 
on the materials to be treated to cross-link molecules of the 
copolymer. 

In the method of the present invention, it is preferable that 
the composition is any of said cosmetics and the material to 
be treated is human hair or epidermis. 

Also, in the method of the present invention, it is prefer 
able that the composition is any of said Water-repellents and 
the material to be treated is ?bers, paper or glass. 
A method for applying a cosmetic pack in accordance 

With the present invention comprises steps of: hydrolyZing 
said cosmetic pack on skin to cross-link molecules of the 
copolymer, and peeling the cosmetic pack from the skin after 
drying. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs one example of cross-linking reaction of the 
copolymer in accordance With the present invention. 

FIG. 2 shoWs an NMR spectrum of Synthetic Example 6 

(Medium CDCl3). 
FIG. 3 shoWs an NMR spectrum of Synthetic Example 10 

(Medium CDCl3). 
FIG. 4 shoWs an NMR spectrum of Synthetic Example 12 

(Medium CDCl3). 
FIG. 5 shoWs an NMR spectrum of Synthetic Example 18 

(Medium DMSO-d6). 
BEST MODE FOR CARRYING OUT THE 

INVENTION 

In the folloWing, the embodiments for carrying out the 
present invention Will be explained. 

The copolymer comprised in the composition of the 
present invention contains silyl groups having at least one 
reactive functional group bonded thereto. 

Preferable examples of the copolymer include a copoly 
mer having mono- to tri- functional silyl groups. A copoly 
mer comprising trifunctional silyl groups is more preferable. 

One of the preferable copolymers of the present invention 
can be a copolymer comprising Monomer (A) shoWn by 
Formula (I) as a constituent monomer. 

Monomer (A) is an acrylate or methacrylate comprising a 
trifunctional silyl group —SiR3R4R5. R1 is a hydrogen atom 
or methyl group in Formula Also, R2 is an alkylene group 
having 1 to 6 carbon atoms and preferably, is propylene 
group. 
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6 
R3, R4, and R5, are each a reactive functional group, 

Which can cross-link molecules of the copolymer of the 
present invention due to forming a siloxane bond Si—O—Si 
by hydrolysis. Examples of such a functional group include 
a hydrogen atom, alkoxy group, halogen atom, acyloxy 
group and amino group. An alkoxy group having 1 to 6 
carbon atoms is preferable in terms of stability of the 
copolymer, safety of byproduct formed by hydrolysis, reac 
tivity of the cross-linking reaction mentioned later, and the 
like. Methoxy or ethoxy group is more preferable. Also, R3, 
R4, and R5 each may be the same or different. In the 
copolymer of the present invention, at least one of Monomer 
(A) can be used as a constituent monomer. 

Preferably in terms of effect, the copolymer of the present 
invention comprises the other constituent monomers along 
With the monomer containing the reactive silyl group such as 
Monomer Although various monomers may be consid 
ered as a constituent monomer, Monomer (B) shoWn by the 
foregoing Formula (II) can be a preferable example. 

Monomer (B) is an alkyl acrylate or alkyl methacrylate. In 
Formula (II), R6 is a hydrogen atom or methyl group. R7 is 
a straight, branched or cyclic alkyl group having 1 to 18 
carbon atoms. HoWever, R7 is preferably an alkyl group 
having 1 to 6 carbon atoms and, more preferably, methyl 
group. In the copolymer of the present invention, at least one 
of the foregoing Monomer (B) can be used as a constituent 
monomer. 

Also, in the copolymer of the present invention, it is 
preferable to comprise Monomer (C) of the foregoing For 
mula (II) as a constituent monomer. Monomer (C) is 
siloxane-containing (meth)acrylate. R8 is a hydrogen atom 
or methyl group in Formula (III). R9 is an alkylene group 
having 1 to 6 carbon atoms and, preferably, ethylene, 
propylene or 2-hydroxypropylene group. X is a siloxane 
expressed by any of the foregoing Formulas (IV) to (VI). 
R10, R11, R12‘ and R12 each is a straight or branched alkyl 
group having 1 to 6 carbon atoms or phenyl group in 
Formulas (IV) to (VI). Although R10, R11 and R12 each exist 
plurally in these formulas, they may be the same or different 
from each other. Methyl group is preferable as R10, R11 and 
R12. Butyl group is preferable as R11‘. Amolecular Weight of 
Monomer (C) is 1,000 to 100,000 and, preferably, 2,000 to 
20,000 When X is Formula (V) or (VI). Also, in the copoly 
mer of the present invention, at least one of the foregoing 
Monomer (C) can be used as a constituent monomer. 

The copolymer of the present invention can further com 
prise amine-containing (meth)acrylate Monomer (D) shoWn 
by the foregoing Formula (VII). R13 is a hydrogen atom or 
methyl group in Formula (VII). R14 is an alkylene group 
having 1 to 6 carbon atoms and, preferably, ethylene or 
propylene group. Y is a group shoWn by —N+(R15)3 or 
—N(R15)2, and R15 is an alkyl group having 1 to 6 carbon 
atoms. Also, Y may be a salt Whose counter ion is halogen, 
inorganic acid, organic acid or the like, When Y is the group 
of —N+(R15)3. 

Also, the copolymer of the present invention can com 
prise Monomer as a constituent monomer Which is not 
the above-mentioned Monomers (A) to (D) as long as the 
effect of the present invention is not destroyed. 

A preferable example of the copolymer comprised in the 
composition of the present invention can be, for example, a 
copolymer shoWn by the folloWing Formulas (VIII, (IX) or 
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Formula (VIII) 

H R1 

|_| PII If 
I | c-c 
H c=o | | 

I H C=O 
O | 

l 0 
R2 | 
|_ R7 

R5—T1——R3 in 
R4 

11 

Formula (IX) 

I I1 
I—I I I6 I I8 
H I=O I—I I—I 

(I) H (|:=O H (|:=O 
I2 I I 

R5_TI—R3 R7 In fig 
R4 n X 1 

Formula 

I I1 
I—I I I6 I I8 I I” 
H I=O I—I I—I I—I 

(I) H (|:=O H (|:=O H (|:=O 
I2 I I I 

RS_TI—R3 R7 m T9 T14 
R4 in X 1 Y P 

40 
Wherein R1, R2, R3, R4, R5, R6, R7, R8, R9, R13, R14, X and 
Y are the same as de?ned in the above, and n, m, l, and p are 
molar ratios of Monomers (A), (B), (C) and (D), respec 
tively. 

The copolymer in accordance With the present invention 
can be obtained by polymerizing the foregoing monomers 
by means of a knoWn polymerization method such as the 
solution polymerization method, the emulsion polymeriza 
tion method or the bulk polymerization method. For 
example, in the case of the solution polymerization method, 
the copolymer of the present invention can be obtained by 
dissolving each monomer in a solvent With the desired 
monomer ratio, adding a radical polymerization initiator 
under nitrogen atmosphere, and heating While stirring. 
As a solvent used in polymerization, it is possible to use 

any solvent that can dissolve or suspend the monomers. An 
organic solvent Which does not comprise Water can be used. 
For example, in addition to alcohol type solvents such as 
methanol, ethanol, propyl alcohol, isopropyl alcohol or butyl 
alcohol; hydrocarbon type solvents such as hexane, heptane, 
octane, isooctane, decane or liquid paraffin; ether type 
solvents such as dimethyl ether, diethyl ether or tetrahydro 
furan; ketone type solvents such as acetone or methyl ethyl 
ketone; ester type solvents such as methyl acetate, ethyl 
acetate or butyl acetate; and chloride type solvents such as 
methylene chloride, chloroform or carbon tetrachloride, 
dimethylformamide, diethylformarmide, dimethylsulfoxide, 
dioxane or the like can be used. These solvents may be used 
by mixing tWo or more of them. It is preferable to select a 

45 

55 

65 

solvent having a higher boiling point than the starting 
temperature of the polymerization initiator used. 
The polymerization initiator is not limited in particular as 

long as it has the ability to start radical polymerization. For 
example, in addition to peroxides such as benzoyl peroxide 
and azo compounds such as azobisisobutyronitrile or dim 
ethyl 2,2‘-azobis(isobutyrate), persulfuric acid type poly 
merization initiators such as potassium persulfate or ammo 
nium persulfate can be used. Also, the polymerization may 
be obtained With a photochemical reaction or a radioactive 
emission Without depending on polymerization initiators. 
The polymerization temperature is higher than the starting 

temperature of each polymerization initiator. For example, 
in a case of a peroxide type polymerization initiator, the 
polymerization temperature may be about 70° C. 

Although the polymerization time is not restricted in 
particular, it is usually 2 to 24 hours. It is desirable to react 
about 1 day When it is expected to obtain a polymer having 
relative high molecular Weight. When the reaction time is 
too short, unreacted monomer Will be left and molecular 
Weight Will become relative loW. 

The average molecular Weight of the copolymer in accor 
dance With the present invention is not restricted, and it can 
exhibit the expected effect as long as the copolymer has a 
higher polymerization degree than that of an oligomer. 
HoWever, as Will be mentioned later, the cross-linking 
reaction rate Will become sloW When the polymerization 
degree is loW. Also, applicability or workability Will be 
inferior since viscosity becomes higher When the polymer 
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iZation degree is too large. Accordingly, the average molecu 
lar Weight of the copolymer is preferably about 2,000 to 
150,000. 
The copolymer of the present invention comprises the 

functional silyl groups in its molecule. Therefore, molecules 
of the copolymer are cross-linked by hydrolyZing, thereby 
forming the cross-linked copolymer. When such a cross 
linking reaction is conducted on the material to be treated, 
a coating of the cross-linked copolymer is formed on the 
surface to Which it is applied. 

The forming reaction of such cross-linked coating Will be 
considered as folloWs. FIG. I typically shoWs the reaction 
comprising Monomer (A) as a constituent monomer. The 
trifunctional silyl group —SiR3R4R5, of Monomer (A) is 
readily hydrolyZed With Water, acid, alkali or the like, 
thereby turning into a trihydroxysilyl group —Si(OH)3. This 
trihydroxysilyl group forms a stable siloxane bond Si—O— 
Si by reacting With another trihydroxysilyl group. As a 
result, the cross-linked copolymer is formed Wherein mol 
ecules of the copolymer are cross-linked in the form of 
three-dimensional netWork. 

Accordingly, When the copolymer is hydrolyZed on the 
material to be treated, cross-linking occurs on its applied 
portion, the cross-linked copolymer forms a strong netWork 
state coating on the surface of the material to be treated. 
When the cross-linked copolymer synthesiZed in advance 
before it is applied on the material to be treated, it becomes 
a gel or plastic. Therefore, the cross-linked copolymer 
synthesiZed in advance is very difficult to apply. 
A method for forming the cross-linked coating With the 

copolymer of the present invention is characteriZed in that a 
composition of the present invention is hydrolyZed on the 
material to be treated to cross-link molecules of the copoly 
mer. In the present invention, human hair or human epider 
mis such as skin, nails, eyelashes, eyebroWs or the like are 
preferable as the material to be treated. Also, materials such 
as ?ber, paper or glass can be treated. 
As a method for cross-linking, a reaction With Water, acid, 

or alkali or a reaction With heat can be used. Speci?cally, 
after applying the composition of the present invention on 
the material to be treated, the composition is hydrolyZed to 
cross-link by bringing the applied portion into contact With 
Water (Water vapor or the like may be accepted), acid or 
alkali or by heating the applied portion. Also, hydrolysis and 
cross-linking may be conducted by applying the composi 
tion on the material treated With Water, acid or alkali in 
advance. Also, the method of applying immediately after 
Water, acid or alkali is mixed With the composition of the 
present invention may be considered. Generally, hoWever, it 
is preferable to apply the composition and Water, acid, alkali 
or the like separately. When the composition of the present 
invention is used as a cosmetic pack, the method of applying 
immediately after Water, acid or alkali is mixed With the 
composition of the present invention is preferable in terms 
of strippability. The reaction With Water, acid or alkali may 
be effected While heating. HoWever, it is also sufficient to 
treat at room temperature. Also, it is possible to cross-link 
naturally With moisture in the atmosphere Without bringing 
the applied portion into contact With acid, Water or alkali, 
When the cross-linking reaction may move sloWly. In any 
case, instruments such as a brush, a comb, a hair brush or a 
spray can be used as the occasion demands so as to uni 
formly apply and treat the composition. 

The acid and alkali used in the coating-forming method of 
the present invention are not limited in particular, as long as 
they can cross-link the copolymers by hydrolysis. An 
organic or inorganic acid and alkali can be used. One or 
more of these acids and alkalis may be used, and also the 
mixture thereof With Water may be used. 

The composition in accordance With the present invention 
comprises the above-mentioned copolymer as an indispens 
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10 
able ingredient. A preferable embodiment of the composi 
tion can be a non-aqueous composition containing said 
copolymer. 
The non-aqueous composition can be, for example, a 

composition Wherein the copolymer is dissolved or dis 
persed in an organic solvent. Examples of the organic 
solvent include aliphatic hydrocarbons, aromatic 
hydrocarbons, chlorine compound type hydrocarbons, ether 
type solvents, alcohol type solvents, aliphatic mono- to 
tetra-valent alcohols having 1 to 4 carbon atoms, cellosolve 
type solvents such as ethylcellosolve or butylcellosolve, 
dioxane, methyl acetate or diformamide. Among these 
solvents, aliphatic mono- to di-valent alcohols are preferable 
as cosmetic ingredients. Examples thereof include methanol, 
ethanol, isopropanol and propylene glycol. In particular, 
ethanol or isopropanol is preferable in terms of safety. 
When the composition of the present invention is a 

moisture containing composition, it is preferable to prepare 
the composition just before applying because the cross 
linking reaction occurs in the product. Such moisture con 
taining composition also belongs to the category of the 
present invention. 

Apreparation form of the composition in accordance With 
the present invention is not limited, and any form can be 
used as long as the effect of the present invention can be 
exhibited. For example, it can be a liquid lotion, milky 
lotion, cream, gel, mist, spray, aerosol, mousse and the like. 
The other ingredients can be mixed into the composition 

of the present invention Within a range that the effect of the 
present invention is not spoiled. For example, ingredients 
mixed in cosmetics are normally surfactants, humectants, 
ultraviolet protectors, pH adjustors, antiseptics, 
antioxidants, chelating agents, thickening agents, ?lm 
forming ingredients, oily components, polymers or propel 
lants. It is preferable that Water, acid or alkali is mixed in an 
another composition excluding the copolymer. HoWever, it 
is possible to mix Water, acid or alkali into the composition 
containing the copolymer of the present invention, as long as 
they are applied to the material to be treated immediately 
after its preparation. 
When the other ?lm-forming ingredients are mixed into 

the composition along With the copolymer of the present 
invention, a preferable ?lm-forming ingredient can be the 
siliconiZed polysaccharide shoWn by Formula (XI): 

Formula (XI) 

(R193 R17 

Glu OSI—R18 

R19 
3-3 

b 

Wherein Glu is a sugar residue of a polysaccharide; P is a 
divalent group for bonding; Q is a divalent aliphatic group; 
R16 is a monovalent organic group having 1—8 carbon atoms; 
and R17, R18, and R19 each is a monovalent organic group 
having 1—8 carbon atoms or a siloxy group shoWn by 
—OSiR20R21R22, Wherein R20, R21 and R22 each is a 
monovalent organic group having 1—8 carbon atoms; and a 
is 0, 1 or 2, and b is an integer of positive number. 

In Formula (XI), Glu is a sugar residue of a polysaccha 
ride. Various knoWn polysaccharides can be used. For 
example, in addition to cellulose, hemicellulose, gum arabic, 
tragacanth gum, tamarind gum, pec?n, starch, mannan, guar 
gum, locust bean gum, quince seed gum, alginic acid, 
carrageenan, agar, xanthan gum, dextran, pullulan, chitin, 
chitosan, hyaluronic acid and chondroitin sulfate, a deriva 
tive of these polysaccharides such as polysaccharide deriva 
tives that are made by carboxymethylation, sulfation, 
phosphorylation, methylation, ethylation, addition of an 
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alkylene oxide such as ethylene oxide or propylene oxide, 
acylation, cationiZation, or lowering of molecular Weight 
can be used. Among them, ethylcellulose or pullulan is 
preferable and pullulan is more preferable. In the present 
invention, though an average molecular Weight of the 
polysaccharide differs according to the land of the 
polysaccharide, in general about 1,000 to 5,000,000 is 
preferable. 

These polysaccharides have at least one of reactive func 
tional group such as a hydroxyl or carboxyl group according 
to the kind. The divalent group for bonding shoWn by P is 
a group derived from A, Which is formed by reacting the 
reactive functional group of the polysaccharide With a 
silicone compound shoWn by the folloWing Formula (XII): 

Formula (XII) 

(IP16): R17 

R19 
3-3 

Wherein Q, R6, R7, R8, R9 and a are the same as de?ned in 
Formula (XI), and Ais a functional group that can react With 
a reactive functional group of a polysaccharide. For 
example, isocyanate, epoxy, vinyl, acryloyl, methacryloyl, 
amino, imino, hydroxyl, carboxyl, mercapto group or the 
like can be used as A. 

In the reaction betWeen such a silicone compound and 
polysaccharide, knoWn methods such as the method 
described in Japanese Unexamined Patent Publication No. 
8-134103, can be used. 

Examples of P include carbamoyl group, —CH2CH 
(OH)—, carbonyl group, amino group and ether group. 
Among them, a carbamoyl group —CONH—, Which is 
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As for the divalent aliphatic group shoWn by Q, an 

alkylene group, an alkylene group comprising oxygen atom, 
nitrogen atom, sulfur atom or the like in main chain, an 
alkylene group comprising an arylene group such as phe 
nylene group in main chain, and an alkylene group com 
prising carbonyloxy group or oxycarbonyl group in main 
chain can be used. These divalent aliphatic groups can have 
a substituent such as hydroxy, alkoxy, alkyl group or the like, 
and the terminal atom of the aliphatic group may be a hetero 
atom such as oxygen atom, nitrogen atom or sulfur atom. Q 
can be —(CH2)2—, —(CH2)3—, —(CH2)4—, —(CH2)6—, 
—(CH2)8—, —{CH2CH(CH3)}—, —(CH2)20(CH2)3—, 
—CH2CH(OH)—CH2— or the like. Propylene group 
shoWn by —(CH2)3— is preferable. 

In Formula (XI), the monovalent organic group having 
1—8 carbon atoms shoWn in R16, R17, R18, R19, R20, R21 and 
R22, can be an alkyl group such as methyl, ethyl, propyl or 
butyl group; a cycloalkyl group such as cyclopentyl or 
cyclohexyl group; an aryl group such as phenyl group; an 
aralkyl group such as benZyl group; an alkenyl group such 
as vinyl or allyl group, an ?uorinated alkyl group such as 
3,3,3-tri?uoropropyl group; or the like can be listed. An 
alkyl group is preferable as such an organic group. Methyl 
group is more preferable. 

Also, each of R17, R18 and R19 may be a siloxy group 
shoWn by —OSiR20R21R22. Examples of the siloxy group 
include a trimethylsiloxy, ethyldimethylsiloxy, 
phenyldimethylsiloxy, vinyldimethylsiloxy and 3,3,3 
tri?uoropropyldimethylsiloxy group. Also, R16, R17, R18, 
R19, R20, R21 and R22 may be the same or different each 
other. In the siliconiZed polysaccharide of the present 
invention, it is preferable that a=0 and R17, R18 and R19 each 
is methyl group. 

In the present invention, a more preferable siliconiZed 
polysaccharide may be a siliconiZed pullulan shoWn by the 
folloWing Formula (XIII): 

Formula (XIII) 

formed by reaction of the compound of Formula (XII) 60 wherein B is a hydrogen atom or a group shoWn by 
Wherein A is isocyanate group (O=C=N—) With a 
hydroxyl group of the polysaccharide, is preferable. The 
sugar residue of the polysaccharide in this case represents 
the rest of the polysaccharide excluding the hydrogen atom 
of the hydroxyl group reacting With the isocyanate group. 
Similarly, the sugar residue of a polysaccharide is de?ned 
When P is other than carbamoyl group. 

65 

—CONH(CH2)3Si[OSi(CH3)3] and its substitution degree is 
0.5—2.5; and c is a number from 100 to 20,000. 

In the present invention, the substitution degree of the 
siliconiZed polysaccharide represents an average number of 
the silicone compound bonding to one unit of constituent 
sugar of the polysaceharide. For example, the substitution 
degree of the above-mentioned siliconiZed pullulan is the 
average number of the substituent —CONH(CH2)3Si[OSi 
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(CH)] bonding to the base unit of pullulan shown by the 
following Formula (XIV): 

Formula (XIV) 
CHZOH 

O 
H O— 

Hair-nature modifying effect, damaged hair recovering 
effect, resistance to shampooing, color retention effect or the 
like can be improved by using the copolymer containing 
reactive silyl groups together With the siliconiZed polysac 
charide. Further, ?aking When the composition is repeatedly 
applied can be inhibited. 

When the siliconiZed polysaccharide Which is dissolved in 
a solvent such as a silicone oil having loW molecular Weight 
or light isoparaf?n is used, facility for compounding and 
feeling of use at the application time can be ameliorated. As 
for the silicone oil having loW molecular Weight, linear 
dimethyl polysiloXane having 2—7 carbon atoms or cyclic 
dimethyl polysiloXane having 3—7 carbon atoms is prefer 
able. Although an amount of the siliconiZed polysaccharide 
in the composition is not restricted in particular, it is 0.01 to 
20 Wt % in general and, preferably, 0.2 to 10 Wt %. 

In the folloWing, the effect of the composition in accor 
dance With the present invention Will be described in detail. 
Structures of each monomer used in the folloWing are shoWn 
beloW. Also, the compounding amount is Wt % unless 
otherWise stated. 
Monomer A1: 

cH3 

H2C—C 

C: 

J) 
(CH2)3 

H3CO—Si— OCH3 

OCH3 
Monomer A2: 

CH3 

H2C—C 

C=O 

J) 
(CH2)3 

H5C2O—Si— OC2H5 

OC2H5 
Monomer B1: 

CH3 

H2C—C 

C=O 

0 

CH3 
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14 
-continued 

Monomer C1 (molecular Weight 422) and Monomer C2 
(molecular Weight 12,000): 

O 

Monomer C3 (molecular Weight 5,000): 

Monomer C4: 

Monomer D1: 

O 

(CH2)2 
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<Cosmetics for Hair Coating> 
Many people are not satis?ed With their hair. For example, 

the people Who have soft hair desire to give tension and 
hardness to their hair. Many hair treatment preparations and 
hair styling preparations have been developed. 

HoWever, any such conventional hair treatment or hair 
styling preparations are only temporary. Because swimming, 
bathing or shampooing Wash them off, the effect is lost. 
Accordingly, as the nature of hair can not be fundamentally 
improved even When such preparations are used, it is nec 
essary to use such hair cosmetic preparations daily. Further, 
there are very feW hair cosmetic preparations that can 
exhibit satisfactory effect. 

Also, irrespective of age or sex, people color their hair 
according to their oWn taste. This accounts for the use of 
temporary hair colorants such as colorant spray and semi 
permanent hair colorant such as acidic hair colorant. These 
can easily color hair Without damaging it. 

HoWever, because a temporary or semipermanent hair 
colorant is easily Washed off by shampooing or the like, 
better color retention is desired. 

Therefore, the effect When the composition comprising a 
copolymer of the present invention Was treated on hair, Was 
studied. 

Test Example 1-1 
i) Synthesis of Copolymer 

Copolymer 1-1 
2.0 g (8 mmol) of 3-methacryloxypropyltrimethoxysilane 

(Monomer A1) and 8.0 g (80 mmol) of methyl methacrylate 
(Monomer B1) Were dissolved in 100 ml of ethanol and the 
mixture Was heated While stirring under a nitrogen gas 
stream for 1 hour at 70° C. 0.05 g of potassium persulfate 
Was added to the solution and the mixture Was reacted over 
night. The reaction mixture Was cooled to room temperature 
and concentrated under a vacuum. The residue Was dis 
solved in 10 ml of ethanol and the solution Was added to 500 
ml of n-hexane. The deposits Were collected to obtain the 
copolymer. 

In the NMR spectral data (solvent CDCl3 or DMSO-d6) of 
the resulting copolymer, a signal of hydrogen atom in 
CH2=C of a monomer used as a starting material Was not 

observed at or near 6—7 ppm. As a result, generation of 

copolymer Was con?rmed. Also, in the present invention, 
generation of the copolymers Was con?rmed in a similar 
manner. 

Copolymer 1-2 
In a similar manner to Copolymer 1-1, except for using 

4.0 g (16 mmol) of 3-methacryloxypropyltrimethoxysilane 
and 8.0 g (80 mmol) of methyl methacrylate, the copolymer 
Was obtained. 

Copolymer 1-3 
In a similar manner to Copolymer 1-1, except for using 

8.0 g (32 mmol) of 3-methacryloxypropyltrimethoxysilane 
and 4.0 g (40 mmol) of methyl methacrylate, the copolymer 
Was obtained. 

Copolymer 1-4 
In a similar manner to Copolymer 1-1, except for using 

10.0 g (40 mmol) of 3-methacryloxypropyltrimethoxysilane 
and 2.0 g (20 mmol) of methyl methacrylate, the copolymer 
Was obtained. 

Copolymer 1-5 
In a similar manner to Copolymer 1-1, except for using 

10.0 g (40 mmol) of 3-methacryloxypropyltrimethoxysilane 
and 0.4 g (4 mmol) of methyl methacrylate, the copolymer 
Was obtained. 
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Copolymer 1-6 
In a similar manner to Copolymer 1-1, except for using 

10.0 g (40 mmol) of 3-methacryloxypropyltrimethoxysilane, 
the copolymer Was obtained. 
ii) Test Method 

Each of the Copolymers 1-1 to 1-6 Was tested by the 
folloWing method 3 parts by Weight of each copolymer Was 
dissolved in 97 parts by Weight of ethanol and the solution 
Which Was ?lled into a spray container Was used as a sample. 

(Hair-nature modifying effect) 
20 professional panelists Were used for evaluating their 

feelings. Approximately 2 g of the spray solution Was 
sprayed on the hair of each panelist and the hair Was Washed 
With a commercially available shampoo. The tension and 
hardness after natural drying of the hair Were evaluated by 
the folloWing standard by means of questionnaires. 

(CD: Among 20 panelists, 16 or more ansWered their hair 
had tension and hardness. 

0: Among 20 panelists, 12 to 15 ansWered their hair had 
tension and hardness. 

A: Among 20 panelists, 6 to 11 ansWered their hair had 
tension and hardness. 

X: Among 20 panelists, 0 to 5 ansWered their hair had 
tension and hardness. 

(Resistance to shampooing) 
After studying the hair-nature modifying effect, Washing 

the hair With shampoo and drying each Was repeated in 3 
cycles. The hair tension and hardness Were evaluated With an 
evaluation standard Which depended on the feelings of the 
panelists as folloWs. 

@: Among 20 panelists, 16 or more ansWered that the 
effect Was maintained and resistance to shampooing 
Was exhibited. 

0: Among 20 panelists, 12 to 15 ansWered that the effect 
Was maintained and resistance to shampooing Was 
exhibited. 

A: Among 20 panelists, 6 to 11 ansWered that the effect 
Was maintained and resistance to shampooing Was 
exhibited. 

X: Among 20 panelists, 0 to 5 ansWered that the effect Was 
maintained and resistance to shampooing Was exhib 
ited. 

(Flaking) 
In the hair-nature modifying effect test mentioned above, 

the presence of ?aking Was judged by visual inspection. The 
evaluation standard Was as folloWs. 

(CD: Flaking Was not observed absolutely. 
A: Flaking Was observed slightly. 
X: Flaking Was observed clearly. 

TABLE 1 

Copoly- Monomer (Wt %) Hair-nature Resistance 
mer A1/B1 modifying effect to sharnpooing Flaking 

1-1 20/80 @ A @ 
1-2 33/67 @ 0 @ 
1-3 67/33 @ ® @ 
1-4 83/17 @ ® @ 
1-5 96/4 6 6 A 

1-6 100/0 A A A 

From TABLE 1, it is shoWn that a coating of the cross 
linked copolymer containing Monomer A as a constituent 
monomer possesses a hair-nature modifying effect. 
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The resistance to shampooing Was not sufficient and 
continuity of the hair-nature modifying effect Was inferior 
When Monomer (A) Was loW in the copolymer. On the other 
hand, both the hair-nature modifying effect and the resis 
tance to shampooing tended to be lower and ?aking Was 
easily generated When Monomer (A) Was 100%. Therefore, 
as for the monomer composition of the copolymer, Mono 
mer (A) in the copolymer is 25 to 99 Wt % and preferably 
is 40 to 85 Wt %. 

Test Example 1-2 

The spray prepared in Test Example 1-1 Was used as a 
sample and color retention Was tested by the folloWing 
method. 

(Color retention) 
A commercially available acidic hair colorant Was uni 

formly applied on White human hair. 3 minutes later, the hair 
Was Washed With Water and dried naturally. 5 g of the 

colored hair(control) Was taken and approximately 1 g of the 
spray sample Was sprayed thereon. Hair Washing With com 
mercially available shampoo and natural drying Were 
repeated ten times With respect to the hair With or Without 
treatment of the spray. The color of the shampoo-treated hair 
Was compared to the control that Was not treated With 

shampoo by observing With naked eyes and evaluated as 
folloWs. 

(CD: Absolutely no discoloring occurred. 
0: Almost no discoloring occurred. 
A: Discoloring occurred. 
X: Discoloring occurred remarkably. 

TABLE 2 

Monomer (Wt %) 
A1/B1 

Color 
Copolymer retention 

1 20/80 
2 33/67 
3 67/33 
4 
5 

— 83/17 

96/4 
100/0 

1. 
1-6 

Nothing 
(not sprayed) 

As shoWn in TABLE 2, discoloring caused by shampoo 
ing Was remarkably observed When the hair Was not treated 
With the copolymer. On the contrary, When the hair Was 
treated With the copolymer, discoloring Was inhibited and 
color retention Was improved. Therefore, a coating of the 
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cross-linked copolymer of the present invention can improve 
the color retention When the copolymer Was treated on the 

colored hair. This improving effect is remarkably exhibited 
When the percentage of Monomer (A) in the copolymer is 25 
to 99 Wt % and, preferably, 40 to 85 Wt %. 

Test Example 1-3 

Next, the copolymers Which have the monomer compo 
sition of TABLE 3 Were synthesiZed in the same Way as Test 

Example 1-1 and tested similar to Test Examples 1-1 and 
1-2. Also, smoothness and texture Were evaluated according 
to the folloWing method. 

(Smoothness) 

Smoothness of the hair after hair-nature modifying effect 
test Was evaluated by means of questionnaires according to 
the folloWing standard. 

@: Among 20 panelists, 16 or more ansWered that the hair 
felt smooth. 

0: Among 20 panelists, 12 to 15 ansWered that the hair 
felt smooth. 

A: Among 20 panelists, 6 to 11 ansWered that the hair felt 
smooth. 

X: Among 20 panelists, 0 to 5 ansWered that the hair felt 
smooth. 

(Texture) 
Texture of the hair after hair-nature modifying effect test 

Was evaluated by means of questionnaires according to the 
folloWing standard. 

(9: Among 20 panelists, 15 or more ansWered favorably. 

0: Among 20 panelists, 10 to 14 ansWered favorably. 

A: Among 20 panelists, 5 to 9 ansWered favorably. 

X: Among 20 panelists, 0 to 5 ansWered favorably. 

TABLE 3 

Monomer Wt % Hair-nature Resistance Color 

Copolymer A1 B1 C" modifying effect to shampooing Flaking retention Smoothness 

1-7 33 67 _ ® 0 ® 0 A 
1-8 67 33 _ ® ® ® @ A 
1-9 50 10 40(c1) @ ® ® ® @ 
1-10 50 10 40(c2) @ ® ® ® @ 
1-11 50 40 10(c3) @ ® ® ® @ 
1-12 60 35 5(c4) @ ® ® ® @ 
1-13 50 _ 50(c2) A @ ® ® @ 
1-14 25 _ 75(c4) A 0 ® 0 ® 

*The inside of ( ) represents Monomer (C) used. 
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As is shown in TABLE 3, the hair-nature modifying 
effect, the resistance to shampooing and the color retention 
are improved and smoothness of hair after treatment can be 

remarkably improved by introducing Monomer (C) into the 
copolymer consisting of Monomers (A) and Also, 
although the hair-nature modifying effect Was loW and the 
copolymer Was di?icult to treat due to stickiness in the 

copolymers 1-13 and 1-14, these copolymers had good 
properties in terms of the resistance to shampooing, the color 
retention effect and smoothness. 
As shoWn in the foregoing, the percentage of Monomer 

(C) in the copolymer is 1 Wt % or more and, preferably, 5 Wt 
% or more. It Was also indicated that Monomer (B) in the 
copolymer contributed to the hair-nature modifying effect 
and the prevention of stickiness of the copolymer. The 
percentage of Monomer (B) in the copolymer Was 1 Wt % or 
more and, preferably, 10 Wt % or more. 

TABLE 4 

Hair- Resist 
nature ance to 

Co- Monomer Wt % modifying sham- Color 

polymer A2 B1 C4 D1 effect pooing retention Texture 

1-12 60 35 5 _ ® ® (9 A 
1-15 60 35 5 10 ® ® ® (9 
1-16 60 35 5 20 ® 0 0 @ 
1-17 60 35 5 50 O O 0 (9 
1-18 60 35 5 100 A X X (9 

As shoWn in TABLE 4, the copolymer consisted of 
Monomers (A) to (D) can give smoothness, good texture and 
moist feeling to hair. When the percentage of Monomer (D) 
Was high, the hair-nature modifying effect, the resistance to 
shampooing and the color retention tended to be loWer 
because the hydrophilic nature of the cross-linked coating 
increases. Accordingly, the percentage of Monomer (D) is 1 
to 100 Wt % and, more preferably, 5 to 50 Wt % With respect 
to the entire amount of Monomers (A) to (C) in the copoly 
mer. 

As mentioned above, by effecting a cross-linking reaction 
after applying the composition comprising the copolymer 
having reactive silyl groups on hair, tension and hardness are 
given to the hair. At the same time, because an excellent 
resistance to shampooing is obtained, the effect is main 
tained Without loss even after repeating shampooing. Also, 
the hair treated With the copolymer has smoothness and 
texture Without stiffness and ?aking does not occur. Further, 
When this treatment Was effected on colored hair, discoloring 
by shampooing is inhibited and color retention is remarkably 
improved. 

It is suggested that these effects are exhibited because a 
cross-linking reaction occurs on the hair by hydrolyZing the 
copolymer and the cross-linked coating forms. The coating 
strongly coats the hair in a netWork state and gives excellent 
resistance to Washing. 

Accordingly, the composition of the present invention is 
useful as a cosmetic for hair coating or for modifying the 
nature of hair. 

Apreferable example of the copolymer to be used in the 
cosmetic for hair coating or for modifying the nature of hair 
in accordance With the present invention can be shoWn by 
Formulas (VIII), (IX) or 
As a monomer composition of the copolymer, the per 

centage of Monomer (A) in the copolymer is 25 to 99 Wt % 
and, more preferably, 40 to 85 Wt %. When Monomer (A) is 
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too loW, the resistance to shampooing is loW and the 
hair-nature modifying effect and the color retention effect 
may not be su?iciently maintained since the amount avail 
able for cross-linking is loW. On the contrary, the hair-nature 
modifying effect, the color retention and the resistance to 
shampooing tend to be loWer When Monomer (A) is too 
high. Also, ?aking occurs easily. Here the cross-linking 
reaction does not progress neatly and a large amount of the 
unreacted part remains in the copolymer because the part for 
cross-linking is too high. 
Monomer (B) adjusts the ratio of Monomer (A) and 

contributes to hair-nature modifying effect and Water 
repellency of the coating of the cross-linked copolymer. 
Monomer (B) also inhibits ?aking. The percentage of Mono 
mer (B) is 1 Wt % or more and, more preferably, 10 Wt % or 
more of the copolymer. The percentages of the other mono 
mers decrease and the copolymer has poor solubility against 
alcohol type solvents When Monomer (B) is too high. 
Therefore, the percentage of Monomer (B) is 75 Wt % or less 
and, preferably, 60 Wt % or less. 
Monomer (C) has a siloxane part to improve the Water 

repellency and the resistance to shampooing of the cross 
linked coating and to give the hair after treatment smooth 
ness. Monomer (C) can also inhibit ?aking. The percentage 
of Monomer (C) is 1 Wt % or more and, preferably, 5 Wt % 
or more in the copolymer of the present invention. 

HoWever, When the percentage of Monomer (C) is too 
high, the percentages of the other monomers become rela 
tively small and the resistance to shampooing tends to be 
poor. Therefore, the percentage of Monomer (C) is 70 Wt % 
or less and, preferably, 60 Wt % or less. 

Also, When the copolymer comprising Monomer (D) as a 
constituent monomer is applied to the hair, good texture can 
be given to the hair and moist feeling of use can be obtained. 
HoWever, When the percentage of Monomer (D) is too high, 
the Water-repellency, the resistance to shampooing and the 
like become poor because the hydrophilic nature of the 
coating becomes high due to the amine portion contained in 
Monomer The percentage of Monomer (D) is 1 to 100 
Wt % and, preferably, 5 to 50 Wt % With respect to the 
combined amount of Monomers (A) to 
Although a concentration of the copolymer is not 

restricted in particular, it is preferably 0.1 to 10 Wt % and, 
more preferably, 1 to 5 Wt %. When an amount of the 
copolymer is too loW, the preferred effect can not be 
obtained With one treatment. On the contrary, When the 
amount of the copolymer is too high, applicability, 
spreadability, smoothness, texture and the like become infe 
rior and ?aking may occur. 
The effect When the copolymer of the present invention 

and the other ?lm-forming ingredients Were used together 
Was studied. As for the ?lm-forming ingredient, siliconiZed 
pullulan (substitution degree is 1.7, molecular Weight of 
pullulan used as a staring material is approximately 200, 
000), Which is one of the siliconiZed polysaccharides Was 
used. 

Test Example 1-4 

A sample Was prepared according to the prescription of 
TABLE 5 and tested by the folloWing method. 

(Hair-nature modifying effect) 
20 professional panelists evaluated according to their 

feelings. After approximately 2 g of the sample Was sprayed 
on the hair of each panelist, the hair Was Washed With Water. 
The tension and the hardness of the hair after natural drying 
Were evaluated by means of questionnaires according to the 
folloWing standard (just after the test). Also, the tension and 
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the hardness of the hair after repeatedly Washing With a 
commercially available shampoo and natural drying 5 times 
Were also evaluated according to the following standard. 

@: 16 or more ansWered that their hair had tension and 
hardness. 

22 
times Was judged by visual inspection. The evaluation 
standard is as folloWs. 

(CD: Flaking Was not observed at all. 

A: Flaking Was observed slightly. 
X: Flaking Was observed clearly. 

TABLE 5 

Ingredient" Amount 

Copolymer 1-19 
Copolymer 1-20 
Copolymer 1-21 
Copolymer 1-22 
Copolymer 1-23 
Siliconized pullulan 
Ethanol 
Light isoparaf?n 

| 

| ml 

| | U‘ | 

5 0.5 
35 
59.5 

0.5 
35 
59.5 

0.5 
35 
59.5 

35 
60 

Hair-nature modifying effect 

Just after test 
After 5 times shampooing o 
Damaged hair recovering effect 

Just after test 
After 5 times shampooing 
Color retention 
Flaking on repeated applications 
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*The monomers (Wt %) of each copolymer are as folloWs. 
Copolymer 1-19: A2-B1-C3-D1 = 60-35-5-20 
Copolymer 1-20: A2-B1-C1 = 50-40-10 
Copolymer 1-21: A2-B1-C2 = 50-25-25 
Copolymer 1-22: A2-B1 = 67-33 
Copolymer 1-23: A2-B1 = 50-50 

0: 12 to 15 answered that their hair had tension and 
hardness. 

A: 6 to 11 ansWered that their hair had tension and 
hardness. 

X: 0 to 5 ansWered that their hair had tension and 
hardness. 

(Damaged hair recovering effect) 
20 professional panelists Who had damaged hair Were 

evaluated for their feelings. Approximately 2 g of the sample 
Was sprayed on the hair of each panelist and then the hair 
Was Washed With Water. The touch(smoothness) after natural 
drying Was evaluated by means of questionnaires according 
to the folloWing standard (just after the test). Also, the touch 
after repeatedly Washing With a commercially available 
shampoo and natural drying 5 times Was also evaluated 
according to the folloWing standard. 

(CD: 16 or more ansWered that the touch Was smooth and 
a damaged hair recovering effect Was obtained. 

0: 12 to 15 ansWered that the touch Was smooth and a 
damaged hair recovering effect Was obtained. 

A: 6 to 11 ansWered that the touch Was smooth and a 
damaged hair recovering effect Was obtained. 

X: 0 to 5 ansWered that the touch Was smooth and a 
damaged hair recovering effect Was obtained. 

(Color retention) 
The color retention Was tested according to the method of 

Test Example 1-2. 
(Flaking on repeated applications) 
After approximately 2 g of the sample Was sprayed on the 

hair of 20 professional panelists, and then the hair Was 
Washed With Water and dried naturally. The presence of 
?aking after the above-mentioned cycle Was repeated 3 
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As shoWn in TABLE 5, When the copolymer and sili 
coniZed pullulan Were used together, the hair-nature modi 
fying effect and the color retention effect can be equal to or 
can be improved as compared to the case Where the copoly 
mer only is used. Also, the touch Was smoother as compared 
to the case Where the copolymer only Was used and the 
damaged hair recovering effect Was remarkable. Also, these 
effects Were maintained even after repeating shampooing. 
Further, though ?aking on repeated applications of the 
copolymer may be occur When the copolymer only Was 
used, it can be inhibited by using siliconiZed pullulan 
together. 

TABLE 6 

Ingredient Amount 

Copolymer 1-19 5 5 5 2 2 1 0.1 — 
Siliconized pullulan — 0.1 0.5 0.5 2 5 5 5 
Ethanol 35 35 35 38 39 39 39.9 40 
Light isoparaf?n 60 59.9 59.5 59.5 59 55 55 55 
Hair-nature modifying effect 

Just after test @ ® ® ® ® ® 0 A 
After 5 times 0 ® ® ® ® 0 A A 
shampooing 
Damaged hair recovering effect 

Just after test 0 0 ® ® ® ® ® @ 
After 5 times A 0 ® ® ® ® ® @ 
shampooing 
Color retention 0 ® ® ® ® 0 A x 
Flaking on A @ ® ® ® ® ® @ 
repeated applications 

TABLE 6 is the result of the test Which Was conducted as 
in Test Example 1-1 With changing the ratios of the copoly 
mer and siliconiZed pullulan. The hair-nature modifying 
effect and the color retention tends to be loWer When the 



US 6,326,01 1 B1 
23 

copolymer is loW. On the other hand, the hair-nature modi 
fying effect, the color retention and the damaged hair 
recovering effect Were not sufficiently improved and ?aking 
on repeated applications may occur When siliconiZed pullu 
lan is loW. Accordingly, the ratio betWeen the copolymer and 
siliconiZed pullulan by Weight is preferably 100: 1 and, more 
preferably, 50:1—1:1. 
As described above, by using a copolymer containing 

reactive silyl groups together With a siliconiZed 
polysaccharide, a composition Where the hair-nature modi 
fying effect, the color retention and the damaged hair 
recovering effect are high and maintained When shampooing 
is repeated. Also, ?aking on repeated applications of the 
copolymer can be inhibited. 
When only the siliconiZed polysaccharide is used, the 

hair-nature modifying effect and the color retention effect 
are loW as compared to the case Where only the copolymer 
Was used. Therefore, it is shoWn that these effects are 
improved by using the siliconiZed polysaccharide together 
With the copolymer. This is because the siliconiZed polysac 
charide is included into the cross-linked coating, thereby, at 
the time of forming the cross-linked coating, the cross 
linked coating and the siliconiZed polysaccharide act syn 
ergistically. 

Examples 1-1 to 1-3 Hair Spray 

The test has been conducted in the same manner as Test 
Examples 1-1 and 1-2 by using the hair sprays of TABLE 7. 
Every example Was superior to Comparative Example 1-1 in 
the hair-nature modifying effect, the resistance to 
shampooing, the ?aking and the color retention. 

TABLE 7 

Example Example Example Comp. Ex. 
Ingredient 1-1 1-2 1-3 1-1 

(1) Copolymer 1-1 1 3 5 — 
(2) Polyvinylpyrrolidone/ — — — 5 

vinyl acetate copolymer 
(3) Ethanol 47 45 43 43 
(4) POE (40) hydro- 1 1 1 1 
genated castor oil 
(5) Octyl palmitate 1 1 1 1 
(6) LPG (3.5kg/cm2 at 50 50 50 50 
20° c.) 
(7) Perfume q.s. .s. .s. q s 
Hair-nature modifying 0 29 29 0 
effect 
Resistance to A A A x 

shampooing 
Flaking @ ® @ x 
Color retention A A A x 

(Manufacturing process) 
The ingredient (1) or (2) Was dissolved in the ingredient 

(3) and the ingredients (4), (5) and (7) Were added to the 
solution. The mixture Was ?lled into an aerosol container 
and then the ingredient (6) Was added thereto, thereby 
obtaining a hair spray. 

Examples 1-4 to 1-6 Hair Mist Applicator 

The test has been conducted in the same manner as Test 
Examples 1-1 and 1-2 by using the hair sprays of TABLE 8. 
Every example Was superior to Comparative Example 1-2 in 
the hair-nature modifying effect, the resistance to 
shampooing, the ?aking and the color retention. 
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TABLE 8 

Example Example Example Comp. Ex. 
Ingredient 1-4 1-5 1-6 1-2 

(1) Copolymer 1-2 1 3 5 — 
(2) Polyvinylalcohol/ — — — 5 

vinyl acetate copolymer 
(3) Ethanol 97 95 93 93 
(4) POE (9) lauryl ether 1 1 1 1 
(5) Dimethylpolysiloxane 1 1 1 1 
<5 cps) 
(6) Perfume .s. .s. .s. q.s. 
Hair-nature modifying 259 29 259 0 
effect 
Resistance to o o o x 

shampooing 
Flaking @ ® @ x 
Color retention 0 o o x 

(Manufacturing process) 
The ingredient (1) or (2) Was dissolved in the ingredient 

(3). The ingredients (4) to (6) Were added to the solution and 
then the mixture Was ?lled into a container, thereby obtain 
ing a hair mist applicator. 

Examples 1-7 to 1-9 Hair Spray 

The test has been conducted in the same manner as Test 
Examples 1-1 and 1-2 by using the hair sprays of TABLE 9. 
Every example Was superior to Comparative Example 1-3 in 
the hair-nature modifying effect, the resistance to 
shampooing, the ?aking and the color retention. 

TABLE 9 

Example Example Example Comp. Ex. 
Ingredient 1-7 1-8 1-9 1-3 

(1) Copolymer 1-4 1 3 5 — 
(2) Polyvinylpyrrolidone/ — — — 5 

vinyl acetate copolymer 
(3) Ethanol 54.5 52.5 50.5 50.5 
(4) PoE (100) hydro- 1 1 1 1 
genated castor oil 
(5) Highly-polymerized 0.5 0.5 0.5 0.5 
dimethylpolysiloxane 
(500 cps) 
(6) Dimethylpolysiloxane 3 3 3 3 
<5 cps) 
(7) LPG (3.5 kg/cm2 40 40 40 40 
at 20° c.) 
(8) Perfume q.s. .s. .s. q s 
Hair-nature modifying 0 29 259 A 
effect 
Resistance to @ ® @ x 
shampooing 
Flaking @ ® (9 A 
Color retention @ ® @ x 

(Manufacturing process) 
The ingredient (1) or (2) Was dissolved in the ingredient 

(3) and the ingredients (4), (5) and (7) Were added to the 
solution. The mixture Was ?lled into an aerosol container 
and the ingredient (6) Were added thereto, thereby obtaining 
a hair spray. 

Examples 1-10 to 1-12 Hair Spray 

The test has been conducted in the same manner as Test 
Examples 1-1 and 1-2 by using the hair sprays of TABLE 10. 
Every example Was superior to Comparative Example 1-4 in 
the hair-nature modifying effect, the resistance to 
shampooing, the ?aking, the color retention and smoothness. 
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TABLE 10 TABLE 11-continued 

Example Example Example Comp. Ex. Example Example Example Comp. Ex. 
Ingredient 1-10 1-11 1-12 1-4 5 Ingredient 1-13 1-14 1-15 1-5 

(1) Copolymer 1-9 1 — — — (8) Perfume .s. .s. .s. q.s. 

(2) Copolymer 1-11 — 1 — — Hair-nature modifying 29 29 29 o 
(3) Copolymer 1-14 — — 1 — effect 

(4) Polyvinylpyrrolidone/ — — — 1 Resistance to @ ® @ x 

vinyl acetate copolymer shampooing 
(5) Ethanol 47.0 47.0 47.0 47.0 10 Flaking @ ® (9 X 
(6) POE (40) hydro- 1 1 1 1 Color retention 0 ® @ x 
genated castor oil Smoothness @ ® @ x 
(7) Octyl palmitate 1 1 1 1 
(s) LPG 50 50 50 50 _ 
(9) Perfume .s. .s. .s. q.s. (Manufacturing process) 
Hair-nature modifying 20 29 20 o 15 The ingredients (1) to (4) Were dissolved in the ingredient 
effect (5) and the ingredients (6) to (8) Were added to the solution. 
Resist“? to ® ® @ X A hair mist applicator Was obtained by ?lling the mixture 

sFlllg?ggomg @ ® @ X into a container. E 1 1 16 
Color retention 0 ® @ x Xamp e _ . 

The co ol mers 1-24 to 1-26 Were s nthesized b the Smoothness @ ® @ x p y y y 
20 following method and tested in the same manner as Test 

Examples 1-1 and 1-2. As a result, every copolymer had the 
high hair-nature modifying effect, the resistance to sham 

_ pooing and the color retention, and Was favorable in feeling 
(Manufactunng process) of use as shoWn in TABLE 12. Also, ?aking Was not 

25 observed in every case. 

The ingredients (1) to (4) Were dissolved in the ingredient 
(5) and the ingredients (6), (7) and (9) Were added to the 
solution. The mixture Was ?lled into an aerosol container 

and the ingredient (8) Was added thereto, thereby obtaining 
a hair spray. 

Examples 1-13 to 1-15 Hair Mist Applicator 

The test has been conducted in the same manner as Test 

Examples 1-1 and 1-2 by using the hair mist applicators of 
TABLE 11. Every example Was superior to Comparative 
Example 1-5 in the hair-nature modifying effect, the resis 
tance to shampooing, the ?aking, the color retention and 
smoothness. 
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Copolymer 1-24 
12.0g of Monomer A2 and 6.0 g of monomer B1 Were 

dissolved in 100 ml of ethanol and the solution Was heated 
While stirring under a nitrogen gas stream for 1 hour at 70° 
C. 0.05 g of dimethyl 2,2‘-aZobis(isobutyrate) Was added to 
the solution and the mixture Was reacted over night. The 
reaction mixture Was cooled to room temperature and Was 
concentrated under a vacuum. The residue Was dissolved in 
10 ml of ethanol and the solution Was added to 500 ml of 
n-hexane. The deposit Was collected, thereby obtaining the 
copolymer. 

Copolymer 1-25 
In a similar manner to Copolymer 1-24, except for using 

10.0 g of Monomer A2, 2.0 g of Monomer B1, and 1.0 g of 
Monomer D1, the copolymer Was obtained. 

Copolymer 1-26 
In a similar manner to Copolymer 1-24, except for using 

10.0 g of Monomer A2, 10.0 g of Monomer C4, and 0.5 g 
of Monomer D1, the copolymer Was obtained. 

TABLE 12 

Monomer Wt % Hair-nature Resistance to Coloring 

Copolymer A2 B1 C4 D1 modifying effect shampooing retention Smoothness Texture 

1-24 67 — — 33 o o 0 ® @ 
1-25 77 15 _ 8 ® ® @ o @ 
1-26 49 _ 49 2 ® ® ® ® @ 

TABLE 11 55 

Example Example Example Comp. Ex. EXample 1'17 Hair Spray 

Ingredient 1-13 1-14 1-15 1-5 (1) Copolymer L22 5 Wt % 

(1) Copolymer 1_8 1 _ _ _ (2) Siliconized pullulan 1 

(2) Copolymer 1_1O _ 1 _ _ 6O gtilrlrzriighlylpolysiloxane (5 mPa.s) is 
(3) Copolymer L11 — — 1 — (5) Light isopara?in 34 
(4) Polyvmylalcohol/ — — — 1 (6) LPG (3 5 kg/cm2 at 20° c) 40 
vinyl acetate copolymer (7) Perfume; ' q S 
(5) Ethanol 97.0 97.0 97.0 97.0 ' ' 

(6) POE (9) hydro- 1 1 1 1 
genated Castor Oil 65 (Manufacturing Process) 
(7) Dimethylpolysiloxane 1 1 1 1 Siliconized pullulan Was dissolved in light isoparaf?n. 

The ethanol solution of dimethylpolysiloxane, perfume and 




































